
Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



OP ARTS AND SCIENCES. 231 



VIII. 

RESEARCHES UPON THE PHOTOGRAPHY OF PLAN- 
ETARY AND STELLAR SPECTRA. 

By the late Henry Draper, M. D., LL. D. 

With an Introduction by Professor C. A. Young, a List of the Photo- 
graphic Plates in Mrs. Draper's Possession, and the Results of the Meas- 
urement of these Plates by Professor E. C. Pickering. 

Presented April 11, 1883. 

Introduction. 

The early successes of Dr. Draper in the construction of his 15J-inch 
reflector, and his photography of the moon, together with his studies 
in spectrum photography in 1869 and 1870, led him to desire to extend 
his work to the investigation of stellar spectra. It was with this 
object specially in view that he constructed in 1869 and 1870 his 
great 28-inch silvered glass reflector, which was finally completed and 
ready for work in 1871, and in May, 1872, he obtained his first photo- 
graphs of the spectrum of a Lyrse, by merely inserting a quartz prism 
in the path of the rays just inside the focus of the small mirror. The 
plates obtained on this occasion failed, however, to show any lines. 

In August of the same year he succeeded by the same method in 
getting plates showing four lines in the spectrum of the same star, the 
least refrangible line being near G. 

Other lines of work connected with investigations of the solar spec- 
trum, and with the superintendence of the photographic preparations 
for the transit of Venus in 1874, occupied most of Dr. Draper's time 
for the next two or three years. 

In 1875 he obtained a fine 12-inch refractor from A. Clark & Sons, 
which he mounted upon the same stand with- his 28-inch reflector, and 
in 1876 he resumed his operations upon stellar spectra, and obtained a 
number of photographs, some of them with this 12-inch instrument 
and some with the 28-inch. 

In the summer of 1880 he exchanged the 12-inch instrument for an 
11 -inch by the same makers, the new instrument having a special cor- 
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recting lens fitted to be placed in front of the object-glass to adapt it 
to photographic work. 

At first, and until 1879, wet collodion plates were used in all these 
experiments; after that date, he used exclusively the dry plates of 
Wratten and Wainwright, to which, during a visit to England in 1879, 




the attention of Dr. Draper was called by Dr. Huggins, whose ad- 
mirable work in the same line of research is so well known to every 
one interested in such matters. 

As will be easily understood, these operations upon stellar spectra 
were by no means carried on continuously, but only during Dr. Draper's 
summer residence at his country place, and in the intervals of other, 
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to him, even more absorbingly interesting investigations, and urgent 
business occupations. 

The observations were made in his private observatory at Hastings- 
on-the-Hudson, Lat. 40° 59' 25", Long. 73° 52' 25". Elevation 
above sea, 220 feet. 

The pictures of the Observatory and of the Great Equatorial render 
unnecessary any detailed description of the mounting and general 
arrangement of the instruments. 

The difficulties of the research proved to be very great. At first 
the limitations imposed upon the time of exposure by the use of the 
wet process made it almost impossible to get impressions of sufficient 
strength. This difficulty, however, is now a thing of the past, having 
vanished with the introduction of the modern dry-plate processes. 
Another difficulty, however, which increases with the time of exposure, 
is that of securing a sufficiently accurate movement of the driving- 
clock. Dr. Draper was obliged to construct no less than seven before 
he succeeded in getting one that was perfect. Other difficulties which 
were more or less completely overcome relate to the firm and rigid 
connection of the parts of the spectroscope with each other, and with 
the sensitive plate ; to the effect of temperature upon this connection, 
and upon the dispersive power of the prisms employed ; and to the 
method of obtaining a satisfactory reference spectrum for comparison 
with that of the star under examination. Of course, also, every one 
knows that operations of this kind are much more sensitive than 
visual observations to atmospheric conditions. A slight haze, which is 
rather an advantage than otherwise to ordinary work, cuts off the 
actinic rays to such an extent as to increase the needed time of ex- 
posure many fold. On some evenings, apparently good, it will take 
30 minutes or an hour to obtain a picture as intense as could be ob- 
tained on others in 5 or 10 minutes. 

Another serious practical difficulty should also be mentioned, — the 
fact that Dr. Draper's residence was distant more than two miles from 
his observatory; and this of course involved many absolute disadvan- 
tages and some loss of opportunities, as well as much inconvenience. 

It is not necessary to give here any full description of the telescopes 
employed. It is enough to say that the great reflector constructed by 
Dr. Draper himself has a mirror of silvered glass 28 inches in aper- 
ture, with a focal length of 148 inches. It was generally fitted up in 
the Cassegrainian form, the small convex mirror, also of silvered glass, 
having a diameter of 8 inches and a negative focal length of 29 inches. 
It was placed 33 inches inside the principal focus of the great mirror. 
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Dr. Draper tried the effect of replacing the small convex mirror with 
a flat of 16 inches diameter for photographic work, but the result was 
not satisfactory. 

In the use of the reflector for photographic and spectroscopic pur- 
poses it was found extremely difficult, in fact impossible, to hold the 
great mirror with sufficient firmness to keep the star image accurately 
in place, without at the same time distorting the glass and injuring the 
definition. In this respect the refractors had greatly the advantage, 
though of course they were much inferior in the amount of light. 

The 12-inch refractor needs no special description. It had a focal 
length of 183 inches, and its color-correction was adjusted for the use 
of achromatic eyepieces, instead of the usual Huyghenian eyepieces. 
The correction, however, did not vary materially from that of other 
telescopes by the same makers, the difference of focal length between 
the mean rays of the spectrum and H amounting to about -fjj of an 
inch. It was an excellent instrument for all visual purposes, and is 
now owned by the Lick Observatory. For photographic purposes, 
however, it was decidedly inferior to the 11 -inch instrument which 
succeeded it. 

The focal length of the 11-inch telescope without its photographic 
corrector was about 176 inches; with the corrector applied, it was 
shortened by 24 inches. 

With reference to the driving-clock it is only necessary to say that 
its regulator was a heavy conical pendulum, or rather pair of pendu- 
lums, weighing some 15 pounds, and so hung that their revolutions 
were sensibly isochronous through quite a range of inclination. 
Whenever by increase of driving power or decrease of resistance one 
of the balls rose above a certain limit, it acted, without affecting the 
radial motion of the ball, upon a friction spider which absorbed the 
superfluous energy in the manner made familiar by the chronographs 
constructed by the Clarks and by Fauth & Co., and now so common 
in our observatories. The regulator revolved once a second. The 
gearing and driving screw were constructed, for the most part, by Dr. 
Draper himself, with the utmost care and accuracy ; and it may safely 
be said that in its ultimate perfected condition the driving-clock was 
as good as any in existence, keeping a star upon the slit for an hour at 
a time when near the meridian and not disturbed by changes of 
refraction. 

In the course of the operations a great many forms of spectroscopic 
apparatus were employed. At first, as has been mentioned, a quartz 
prism was used, simply interposed in the path of the rays a few inches 
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inside the focus, without slit or lenses ; and with this, after one or two 
unsuccessful trials, he first obtained a satisfactory spectrum of Vega 
showing four dark lines. 

Afterwards direct vision prisms used in the same way were tried, 
and spectroscopes made up of such prisms, some with a slit, some 
without, and some with a cylindrical lens to give necessary width to 
the spectrum. The arrangement finally settled upon, however, and 
with which all the plates measured by Professor Pickering were made, 
was the following. A star-spectroscope by Browning, with two 60° 
prisms of dense {but white) flint glass, was used, of the form designed 
by Dr. Huggins for stellar observations. The telescope and collimator 
each had a focal length of 6 inches, with an aperture of f of an inch. 
The parts were very carefully braced together to prevent any slip or 
movement. The slit was covered with a diaphragm having a hole at 
the centre, and painted with phosphorescent paint to make the aper- 
ture visible in the dark : there was also a movable 4k finger," by which 
any part of the slit could be exposed at pleasure, so as to obtain spec- 
tra of different objects on the same plate side by side for reference. 

At the eye-end of the spectroscope-telescope the eyepiece and 
micrometer were removed, and a block of hard wood was fitted on in 
such a way as to carry the little photographic plate. This was a small 
bit, about an inch square, cut from a plate of commercial size. A 
small positive eyepiece was mounted on the block, so that the operator 
could at pleasure examine the yellow and red portion of the spectrum 
which projected beyond the sensitive plate into the field of view, and 
in this way assure himself that the clockwork was driving properly, 
and that all the adjustments remained correct. 

The whole apparatus weighed less than five pounds, and screwed on 
to the eye end of whatever telescope it was used with. 

On the most careful examination, it is very difficult to see how any 
perceptible alteration in the relative position of the different parts 
could ever have occurred. Still, the bracing employed was not abso- 
lutely symmetrical, and there may have been a little " twist " when 
the instrument was transferred from an object near the zenith on one 
side of the meridian to one near the horizon on the other. 

For the most part the development of the plates was by ferrous 
oxalate, though the alkaline development and pyrogallic acid were 
both used on some occasions. 

The pictures obtained with this arrangement were about one six- 
teenth of an inch in width and about half an inch long, extending from 
a point between the Fraunhofer lines F and G to a point near M. 
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Subjoined are certain notes which seem to be of interest, and im- 
portant to a proper understanding of the manner in which the research 
was carried on and developed. They are condensed from the original 
note-book records. 

'" May 29, 1872. Two photographs of the spectrum of Vega were 
taken with collodion plates. The first was with an exposure of 3 
minutes, the next of 30 seconds. No slit was used and no lenses. A 
quartz prism was placed inside of the focus of the telescope [the 28- 
inch Cassegrain], and a sensitive plate at the focus. The photographs 
showed no lines." It was then deemed better to reduce the magnify- 
ing power of the telescope, by using a flat mirror in place of the small 
convex. A flat mirror of 16 inches diameter was therefore ground 
and polished. When this was finished and put in place in the tele- 
scope, the three hooks by which it was supported caused it to deform 
the image of a star into a triangular form. Dr. Draper then tried 
supporting the flat by an iron plate cemented to its back, but with no 
better result. He then decided to try a 9-inch concave mirror of 1 1 
inches focus, adapting to it a spectroscope formed by placing a slit 
at the focus, followed by a one-inch microscope objective, next a 
Hoffmau direct-vision prism, succeeded by an eyepiece, and finally the 
sensitive plate. This apparatus gave too faint a spectrum, and he 
returned to the original arrangement, with which, on August 1, 1872, 
he obtained for the first time a photograph of the spectrum of Vega 
showing four lines. The width of the spectrum was obtained by 
giving the telescope a slight motion in declination, during the ex- 
posure. On August 8th and 9th he took several other photographs, 
the exposures ranging from 5 to 10 minutes. Of course with this 
arrangement no reference spectrum could be obtained. 

Recurring to the subject in the summer of 1873, he took a spectrum 
of a Aquilae, half an inch long and - 3 \ inch wide. It does not appear 
from the notes that it showed any lines: exposure 10 minutes. 

During the same season Dr. Draper arranged a spectroscope con- 
sisting of a quartz prism combined with a cylindrical lens. It was 
abandoned because it gave the spectrum the form of an elongated 
image of the mirror, instead of a narrow band. 

He next combined a heavy flint-glass prism of 60° with a quartz 
prism. This made nearly a direct vision spectroscope of good dis- 
persive power, and with it he obtained the spectrum of a Aquilas as a 
narrow band, in 5 minutes' exposure. 

In 1874 Transit of Venus work occupied all his time. In October, 
1875, several photographs of the spectrum of Vega were taken with 
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a Browning nine-prism direct-vision spectroscope (without slit) placed 
inside the focus of the 28-inch mirror, the sensitive plate being at the 
focus. 

The 12-inch refractor was received at this time, and a good deal of 
photographic work was done with it to determine its actinic focus and 
other constants, but no photographs of stellar spectra were made with 
it this season. Its best actinic focus was found to be T 6 ^j inch outside 
of the focus for G. 

In July, 1876, several photographs of the spectrum of Vega were 
taken with an apparatus which Dr. Draper called the " spectrograph." 
It consisted of a box about three feet long, which screwed into the 
tailpiece of the reflector in place of the eyepiece. It consisted of the 
following parts : first, a slit ; close behind this the brass tube of a 
Browning direct-vision spectroscope containing either 3, 6, or 9 prisms 
(variable at pleasure) ; next to this, and 14 inches from the slit, a 7-inch 
Voigtlander portrait-lens and camera. The results were not materially 
different from those obtained by the earlier methods, and the apparatus 
was so awkward that it was soon abandoned. At this time was intro- 
duced the plan of setting the slit in the direction of the right-ascen- 
sional motion, so that any slight irregularities of the driving-clock 
would only widen the spectrum a little, instead of removing the star's 
image from the slit. The use of a cylindrical lens to broaden the 
spectrum was not found to be of any particular advantage. 

During September and early in October, 1876, experiments were 
tried by putting the Browning direct-vision prism, without slit or lens, 
inside the focus of the 12-inch refractor. A cylindrical lens of 14-inch 
focus could be placed either between the prism and the object-glass, or 
between the prism and the sensitive plate. The difficulty produced by 
the fact that the focus of the object-glass varies for different rays, was 
partly overcome by tilting the sensitive plate. 

On October 9 the Huggins star-spectroscope seems first to have 
been brought into use, one prism only being employed. It was at- 
tached to the refractor, and at first used with wide open slit. It was 
found difficult but very important to adjust the collimator accurately 
in line with the optical axis of the large telescope. 

On October 12 another stellar spectroscope was arranged, consisting, 
first, of a slit with an open space between it and the end of the tele- 
scope, so that one could see whether the star remained centred on the 
slit; then the nine-prism Browning direct-vision combination; then 
two opera-glass lenses, and behind this the plate-holder. This was 
attached to the reflector, and several stellar spectra were photographed 
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with it ; but they turned out very faint, and the removal of the slit did 
not make them any brighter. 

October 18 and 19, 1876. Experiments were made upon the spec- 
trum of Venus, both with the reflector and refractor, — the former 
giving much the stronger pictures. The plates show the lines very 
well, especially those between G and H. At this time an eyepiece 
was added for the purpose of watching the lower end of the spectrum, 
and so maintaining the adjustments. 

October 25, 1876. Six photographs of the spectrum of Yenus were 
made, which came out very satisfactorily. Experiments were made, 
giving data for determining the best width of slit. 

October 27, 1876. Some photographs of the spectrum of Vega 
were made with the same apparatus, but results were not very satisfac- 
tory. The air was misty. 

October 29, 1876. In the afternoon the same stellar spectroscope 
was attached to the 12-inch refractor, the aperture of which was 
reduced to 1 J inches. The slit was closed so that b appeared distinctly 
triple, in the spectrum of the sun, and a series of photographs was made 
with exposures of 4 minutes, 1 minute, 5 seconds, and 1 second, respect- 
ively. The last proved just about the proper exposure, and indicates 
that the necessary exposure for Venus is 196 times that for the Sun. 

During 1877 Dr. Draper was occupied mainly with work connected 
with his research upon the existence of oxygen in the Sun. In 1878 
the seasou was occupied with the Transit of Mercury in May, and 
with the Solar Eclipse on July 29th ; so that during these two years 
nothing was done with stellar spectra. 

While in England, in June, 1879, he obtained some of Wratten and 
Wain wright's dry plates, and on his return resumed his stellar work 
with them. As the 28-inch mirror had not been resilvered since the 
removal of the film at the time of the Transit of Mercury, he used 
the 12-inch refractor for all his experiments, in connection with the 
Huggins star spectroscope, with two prisms, instead of only one, as in 
1876. In October, he read before the National Academy of Sciences 
a paper upon the subject, which was published in the American 
Journal of Science for December, 1879. 

The plates made by the collodion process up to and including 1876 
were, of course, of no value for measurement, and have all been lost or 
destroyed, except about half a dozen " strippings " of the earliest ones, 
which still remain gummed into the note-books. For this reason it 
has seemed desirable to present the note-book data respecting them in 
the way which has been adopted. 
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In the list which follows, of the plates existing in the possession of 
Mrs. Draper, the remarks against each plate give all necessary details. 
The photographs were all taken with the Huggins star spectroscope 
with its two prisms, attached sometimes to the reflector, sometimes to 
the refractor, as indicated. 

The first column of the table gives a current reference number; the 
second, the date; the third, the name of the object; the fourth, the local 
mean time of beginning of the exposure, when the note-books furnish 
it ; the fifth, the duration of the exposure ; the sixth, the width of the 
slit in thousandths of an inch ; and the seventh, the aperture of the 
instrument used. Remarks follow quoted f om tlui note-book. An 
asterisk deuotes that the plate was one of those measured by Professor 
Pickering. 

TABLE I. 



18*9. 
Aug. 6 



Aug. 9 
Aug. 9 



Aug. 11 
Aug. 12 



6 Aug. 19 



Object. 



a Lyrae 



Sun 
Daylight 



Jupiter 
and 

a Lyrae 

a Lyras 
and 

Jupiter 



8h. 30m. 

to 

12h. 



Expos, 



45m. 



48m. 



27m. 
40m. 



30m. 



45m. 



.007 



.007 
.007 



.007 



12-in 



12-m. 



12-in. 
12-in. 



The spectrum is about £ inch long from 
6 to H. Put a finger in front of the 
slit so as to be able to shut off either 
the upper or lower part of it, and thus 
take a spectrum of a star with the 
moon or a planet juxtaposed upon the 
same plate for a reference spectrum. 

With the stellar spectroscope and a beam 
of sunlight from a lieliostat, took some 
photographs of the sun's spectrum. 
Although the sun was somewhat ob- 
scured by clouds, 5 s. was too long an 
exposure, and the picture was burned 
out below H. The exposure of 30 s. to 
daylight answered better, and showed 
that these photographs extend nearly 
to b\ instead of ending at G. On com- 
paring these with the photograph of 
the spectrum of a Lyrae of August 6, 
it was found to extend above N (3580), 
and looks as if the great solar groups 
about L (3815) were represented in a 
Lyrae by bands. 

The evening was quite misty. — too much 
so to photograph the spectrum of a 
Bootis. 

The evening was not clear, the sky 
being nasty or covered by heavy clouds, 
which formed and dissolved away at 
intervals. The length of exposure 
specified is therefore uncertain, being 
the estimated clear periods during 3£ 
hours the plate was iu the spectroscope". 
The mist cut off the more refrangible 
part of the spectrum. The two spectra 
shifted past each other a little in the 
photograph, but the adjacent coinci- 
dences are plain. To try to prevent, 
on another occasion, the spectra moving 
past each other when the telescope is 
changed from one star to another, as 
in the preceding photograph, the spec- 
troscope was fastened to a piece of 
board. 

Faint picture. 
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TABLE I. — Continued. 



17 



1879. 
Aug. 19 



Sept. 15 
Sept. 17 

Sept. 17 
Sept. 22 

Sept. 24 
Sept. 24 
Sept. 25 

Sept. 26 



Sept. 27 



Sept. 27 



Sept. 27 
Oct. 4 
Oct. 4 



Object. 



a Lyrae 

and 
Jupiter 

Jupiter 

and 
a Lyrso 
Jupiter 
a Lyrae 



Jupiter 
a Lyrse 

a Lyrse 
Jupiter 



a Lyrse 
Jupiter 



a Aurigae 
a Lyrae 
Moon 



a Lyrse 
Moou 



Hxpos. Slit. 



llh. 30m. 

to 
13h. 15m. 



a Lyrse 
Moon 



Jupiter 9h. 55m 

to 
Moon lOh. 55m. 



llh. 21m. 
to 

12h. 
8h. 5m. 

to 
9h. 20m. 
lOh. 25m. 
llh. 4am. 



Mars 
a Lyrse 

Jupiter 
Jupiter 
a Aurigae 



47m. 
47m. 
45m. 

43m. 

30m. 
49m. 



45m. 
45m. 



49ra. 
50m. 



54m. 
30m. 



48m. 
1:3m. 
30m. 



45m. 
10m. 



47m. 
5m. 



50m. 
10m. 



10m. 

25m. 
45m. 

25m. 
25m. 
50m. 



.010 

.010 

.011 

.011 
.015 
.015 



.015 
.015 



015 
.015 



.015 
.015 

.015 

.015 
.015 
.015 



.015 
.015 



Inst. 



.015 
.015 



.005 
.005 



.005 

.005 
.010 

.010 
.010 
.010 



12-in. 

12-Jn. 

12 in. 

12-in 
12-in. 
12-in. 



12 in 
12-in. 



12-in. 
12-in. 



12-in. 
12-sn. 



12-in 
12-in, 
12-in 



12in. 
12-in 



Had to reverse the telesi ope for the ex- 
posure of a Lyiae, and, not having 
adjusted the finger wed on the slit, the 
two spectra overlapped too much. 

In this photograph the telescope was. 
focused for the G rays on the slit. 

In this picture the II rays were focused 
on the slit, but as the spectra did not 
exteud as far into the violet as those 
taken before, the focus of the 12 inch 
telescope was changed to bring the G 
rays in focus on the slit. Took another 
photograph. In this both spectra were 
stronger, but a Lyrse did not extend 
to H. 

The atmosphere was misty, and the 
moon looked very yellow. The spec- 
trum of a Lyrse is very feint, and ex- 
tends only from F to G. 

The night was quite clear, but neither 
spectrum extended above H. G was 
still focused on the slit. 

Mars and a Aurigae were at about the 
same altitude. The two spectra are 
very much alike. 

The night was clear. Gave a Lyrae two 
runs of the clock to try to get its 
spectrum above H. The moon's spec- 
trum extends a long distance above II, 
but the spectrum of a Lyrae only to h 
The moon was over-exposed. 

The night was quite clear. The moon's 
spectrum is very strong, but there is 
no picture of a Lyras. In this photo- 
graph, used a new gelatine plate, think- 
ing the old one might have deterio- 
rated, but found it of no advantage. 
When a star is adjusted on the slit so 
that the green end of the spectrum is 
the brightest, the violet loses bright- 
ness somewhat, and vice versa. 

Examined the spectroscope with sun- 
light and readjusted it, so as to be sure 
the violet end of the spectrum was not 
cut off by the prisms or lenses. 

This evening went to the Observatory 
early enough to photograph the spec- 
trum of a Lyrae, when the star was only 
a little past the meridian. Readjusting 
the spectroscope improved it The 
spectra are strong, and extend above 
H. The G rays were focused on the 
slit. 

Jupiter in this photograph was about 
45° high, and the Moon about 50°. 
The exposure was made upon the 
meridian. During the latter part of 
the moon's exposure, the lens dewed 
over, therefore one could not judge of 
the relative brightness of the two. H 
rays were focused on the slit. 

Got no impression of Mars, for the lens 
dewed over at the end of 25 m.,and the 
sky clouded. 
A good picture. 

12in 

12 in. II rays focused on the slit. Spectrum 

12 in. I of a Aurigae was faint. 



12-in. 
12-in. 



12-in. 
12 in 



12-in 
12-in 



VOL. XIX. (N. S. XI.) 



16 



242 



PROCEEDINGS OF THE AMERICAN ACADEMY 



TABLE I. — Continued. 



No. 



#21 



♦23 



*24 



25 

*26 



29 



1879-80. 
Oct. 4 



1880. 
June 9 



June 13 



June 16 



July 28 
July 29 



July 29 
July 29 



July 30 



July 30 



Object. Time. Expos. Slit. Inst. 



a Aurigae 
Moon 



a Bootis 
a Bootis 



a Bootis 
Moon 



a Scorpii 
a Lyrae 



a Aquilse 
a Aquilse 



12h. 

to 

13h. 



54m. 
5m. 



.010 
.010 



9h. 27m. 

to 
lOh. 16m. 
9h. 20m. 

to 
9h. 50m. 



8h. 35m. 

to 
9h. 30m. 



9h. 

to 

9h. 25m. 



a Scorpii 8h. 51m. 

to 
a Aquilse lOh. 10m. 



a Lyrae 



49m. 
30m. 



50m. 
3m. 



25m. 

43m. 
J8£m. 
42m. 



45 Jm. 
30m. 



7m. 
282m. 



.010 
.015 



.015 
.013 



.010 



.010 
.010 
.010 



.010 
.010 



.010 
.010 



12-in. 
12-in. 



12-in 
12in 



Remarks. 



12-in 
12-in 



11-in, 
28-in. 



28-in 
11-in 
11-in 



llin. 
11-in. 



11-in 



G rays focused on the slit. 

A good picture. . 

During the winter of '79 and '80 a new 
worm wheel was made by Alvan Clark 
& Sons for the driving-clock, to replace 
the old one, which was found to be 
slightly eccentric. Dr. Draper moved 
to the country in June, 1880, and occu- 
pied a few days in getting it into place. 
It answered extremely well, and the 
clock was now sensibly perfect. 
G rays were focused on the slit The 
night was clear, but the picture is 
faint. 

At the end of 30 m. the exposure was 
stopped by clouds. The night was so 
windy that the dome was blown around, 
and the force of the wind overcame the 
strength of the declination clamp, so 
that the telescope moved in declination, 
and made two impressions of the spec- 
trum on the plate. Notwithstanding 
this, it is a good picture, exteuding 
from above H 2 to below F, showing a 
large number of lines, and a bright 
band on the more refrangible side of H. 
The G rays were focused on the slit. 

Moon over-exposed, and a Bootis faint. 
The night was damp and not clear; 
bluish fog. 

At this time Dr. Draper exchanged the 
12-inch for the 11-inch with photo- 
graphic corrector referred to above. 
The new instrument was received July 
9th, but was not fully ready for work 
until near the end of the month. The 
28-inch reflector had been resilvered in 
the mean time, so that the spectroscope 
could be used either with it or with the 
refractor. 

Sky clouded so there was no impression 
on the plate. 

Only about fifteen minutes of this ex- 
posure were clear, but it is a strong 
picture The clouds cleared away, and 
the night became remarkably clear. 

Fine picture. 

At the end of 3S£ m., the star having 
moved to the west of the meridian, a 
slip in declination took place, owing to 
taking up the slack. This changed 
the position of the star on the plate, 
and made a second impression of 
4|m. 

Atmosphere was hazy, and the first 16 
m. of the exposure a Scorpii was very 
faint on account of clouds It had a 
good exposure of 30 m. After 9 o'clock 
the night was clear a Scorpii's spec- 
trum was faint, a Aquilse's very strong. 

Before making this exposure on a Lyras, 
moved the slit of the spectroscope out- 
side the focus of the telescope 413 
divisions of the micrometer, so as to 
widen the spectrum. After an expos- 
ure of 7 m. shifted the star on the 
plate, and then gave it the remaining 
time, 28| m., but the two pictures are 
nearly superposed. 
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TABLE I.— Continued. 



No. 


Date. 


Object. 


Time. 


Expos. 


Slit. 


Inst. 


Remarks. 




1880. 














31 


July 30 


a Lyrae 




4m. 


.010 


11-in. 


Before this exposure, moved the slit of 










80m. 


.010 


11-in. 


the spectroscope 394 divisions more out- 
side the focus. The star was shifted on 
the plate after 4 m., making the second 
exposure of 30 m. 


*32 


July 31 


a Bootis 


8h. 49m. 

to 
9h. 19m. 


4£m. 
25m. 


.010 


28-in. 


The telescope slipped at the end of 4£ 
minutes, making two exposures on the 
plate. It was remarkably clear for a 
summer's night. 


33 


July 31 


a Aquilae 




30m. 
10m. 
5m. 


.010 


28-in. 


There are three exposures, the plate 
having been moved sideways at the end 
of 30 m., then again after 10 m., giving 
it a third exposure of 5 m. This picture 
required short development. 


*34 


July 31 


a Lyrae 




6m. 
20m. 
5m. 


.010 
.010 
.010 


28-in. 


For this photograph, moved the spectro- 
scope slit outside the focus to widen 
the spectrum. Made three exposures 
on the plate. The wind was so strong 
it moved the telescope in declination, 
and made it difficult to keep the star 
on the slit. This picture required short 
development. 


*35 


July 31 


Jupiter 




20m. 
30m. 


.010 
.005 


28-in. 


At the end of 20 m. closed the slit to 
.005, and moved the star on the plate 
for the second exposure. 


36 


Aug. 1 


a Scorpii 




20m. 
17m. 


.010 


28-in. 


At the end of 20 m. the star slipped off 
the plate. Reset it, and exposed again 
for 17 m. During the first exposure 
the star was part of the time very faint 
In the spectrum of a Scorpii there is a 
strong band in the orange. 


37 


Aug. 6 


Jupiter 


14h. 35m. 
15h. 5m. 


30m. 


.006 


11-in. 


In the early part of the night took 
several photographs of Jupiter, showing 
the red spot. In taking this picture 
of the spectrum, placed the slit of the 
spectroscope near the preceding limb 
where the red spot was seen, but it 
had nearly disappeared. 


38 


Aug. 7 


a Aquilae 




30m. 


.006 


11 in. 




*39 


Aug. 9 


a Scorpii 


8h. 46m. 

to 
9h. 26£m. 


45£m. 


.020 


28-in. 


Faint picture. 
















40 


Aug. 9 


a Aquilae 




10m. 
15m. 
12£in. 


.020 
020 

.020 


28-in. 


Star moved off the slit, and was reset 
between the exposures. The atmos- 
phere was hazy. 


*41 


Aug. 12 


a Aquilae 


9h. 47m. 


24m. 


.010 


28-in. 


Night quite clear. At end of 24 m. 








to 


5m. 


.010 




star moved off the slit ; reset it, and 








llh. 


44m. 


.005 




exposed again for 5 m. Moved the 
star ngain, closed the slit to .005, and 
made third exposure of 44 m. 


*42 


Aug. 12 


a Aquilae 




18m. 


.010 


28-in. 


a Aquilae moved off the slit at 18 m , 






a Aquilae 




10m. 


.010 


28-in. 


and was reset. 






Jupiter 




12m. 


.010 


28in. 


12 m. was not enough exposure for Jupi- 
ter ; 15 or 20 would have been better. 


♦43 


Aug. 12 


a Aurigae 


13h. 55m. 
to 


30m. 


.010 


28-in. 


The image of the star was not quite 
focused on the slit. 






Jupiter 


14h. 47m. 


20m. 


.010 






44 


Aug. 13 


a Aquilae 




30m. 


.010 


28-in. 


There was white mist in the sky. 




Aug. 13 


a Lyrae 




10m. 
10m. 
10m. 


.003 


28-in. 


Reset the star between each of the three 
exposures. 


*45 


Aug. 15 


a Lyrae 




46m. 


.002 


28. in. 


a Lyrae was not focused on the slit. 


*46 


Aug. 15 


a Lyrae> 




44m. 


.001 


28-in. 


Focused a Lyrae on the slit. 


47 


Aug. 16 


a Scorpii 




42m. 


.010 


28-in. 


There was blue h*ze in the atmosphere. 






Moou 




3m. 


.010 




The finger on the slit was moved be- 
tween the exposures of a Scorpii and 
the Moon, but was not well adjusted, 
so the two spectra are superposed. 
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No. 


Date. 


Object. 


Time. 


Expos. 


Slit. 


Inst. 


Remarks. 


i 1S80-81. 














*48, Aug. 17 


a Scorpii 


8h. 12m. 

to 
9h. 2m. 


50m. 


.010 


28-in. 


There was blue fog in the sky. 














49 ! Aug. 17 


a Aquilse 




49m. 


.003 


28-in. 


The star slipped in declination at the 
















end of 20 m., and again at 30 m., but 
















was brought in position in a couple of 
















minutes by the slow motion. The 
















evening continued foggy. 


50 


Aug. 20 


a Aquilse 




48m. 


.001 


28-in. The plate was stained black by the moon- 
















light in the room. 


51 


Aug. 22 


a Aquilae 




4Sm. 


.001 


28-in. 


The sky was hazy, but the picture is 
beautifully sharp, and shows the fine 
lines of this spectrum very distinctly. 


52 


Aug. 22 


a Aquilae 




49m. 


.001 


28-in. 


The moon's spectrum is faint, and a 






Moon 




5 in. 


.001 




Aquilae is not quite so sharp as in the 
preceding photograph. 


53 


Aug. 22 


a Lyrae 




48m. 


.001 


28-in. 


This photograph was taken without any 
change being made in the apparatus, to 
see if, in the spectrum of a Lyrae, there 
was any trace of the system of fine lines 
which are characteristic of the spectrum 
of a Aquilae, but no evidence of them 
was found. 

With the McLean spectroscopic eye-piece 
a Lyrae shows a line near D which may 
be i> 3 . 


54 


Aug. 23 


a Bootis 


8h. 12m. 

to 
9h. 2m. 


50m. 


.001 


28 in. 


The spectrum is very faint. The even- 
ing was misty. 


55 


Aug. 2H 


i Aurigae 




48m. 


001 


28-in. 


Although the evening was clear, the 
spectrum is faint. 


*56 


Aug. 28 


a Aquilae 


lOh. 20m. 
to 


49m. 


.002 


28-in. 


A very good picture ; the night was 
quite clear. 






Jupiter 


12h. 9m. 


50m. 


.002 






*57 


Aug. 28 


Jupiter 


12h. 45in. 
to 


33m. 


.003 


28-in. 


The spectrum of a Aurigae is quite faint. 
To get a strong picture, it would re- 






a Aurigae 


14h. 18m. 


48m. 


.003 




quire the slit at .004 or .005, or else two 




1881. 












runs of the clock. 


58 


July 1 


Comet b 


10h.55m 


180m. 




11-in. 


The comet's declination at lOh. 45m. was 






a Lyrae 


I4h. 10m. 


10m. 






70°. The slit of the spectroscope was set 
at right angles to the axis of the tail of 
the comet. The spectroscope showed 
a banded spectrum, with the continu- 
ous spectrum of the nucleus running 
through the centre. The photograph 
shows three bands, a heavy band above 
II which is divisible into lines, and two 
faint bands, one between G and h, and 
another between h and II. 


59 


July 2 


Moon 




8m. 


.006 


11-in. 


There was mist in the sky, which with 


60: July 2 


M oon 




10m 


.01o 


11 in. 


the low altitude of the moon cut off 
















these spectra above II. 


61 


July 2 


Comet 


lOh. 8m. 
to 


196m. 


.013 


11-in. 


There were floating clouds in the sky, 
and for about 42 m. of its .exposure the 






a Lyrae 


13h. 2Sm. 


15:n. 


.016 


11-in. 


comet was not visible. At llh. 20m. 
the comet's declination was 72£°. 


62 


July 3 


Comdt 


lOh. 55m. 
to 


228m. 


.016 


11-in. 


Stopper! the exposures always before 
dawn, fearing otherwise that the spec- 






a Lyrae 


14h. 


10m. 


.011 


11-in. 


trum of daylight might become super- 
posed on the cometai-y spectrum. 
July 7th, took the stellar spectroscope 
to the laboratory in town, and made a 
series of carbon arc spectra, with the 
sun's spectrum on the same plate as a 
reference spectrum, for comparison with 
the comet's spectrum. The carbon 
shows a strong band in the ultra violet. 


*63 


July 15 


a Lyrae 


llh. 3^m. 
to 


34m. 


.002 


11-in. 


Night became fojjgv, and the spectra 
did not extend above II. 






Moon 


12h.20m. 


15m. 
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TABLE I. — Continued. 



No. 


Date. 


Object. 


Time. 


Expos. 


Slit. 


Inst. 


Remarks. 




1881-82. 














64 


July 17 


a Scorpii 


lOh. 
to 


90m. 


.005 


11-in. 


Although the night was unusually clear, 
there was no impression of the spec- 






Moon 


llh. 47m. 


15m. 


.005 




trum of a Scorpii. It may have been 
overlapped by the moon. 


*65 


July 17 


a Lyrae 




47m. 


.005 


11-in. 








Moon 




20m. 


.005 


11-in. 




66 


July 21 


a Scorpii 


9h. 44m. 

to 
12h. 7m. 


90m. 


.008 


11-in. 


a Scorpii very faint. 






a Aquilae 


43m. 


.008 






67 


July 23 


a Aquilge 


llh. 40m. 

to 
12h. 2m. 


22m. 




11 in 


At 12 h. 2 m. the sky clouded over. 
















68 


July 24 


a Scorpii 


9h. 17m. 

to 
lOh. 56m. 


53m. 


.004 


11-in. 


The night was not transparent. The 
haze in the sky sometimes almost con- 
cealed the star 


69 


Aug. 8 


Moon 


9h. 30m. 
to 


20m. 


.003 


11-in. 


Notwithstanding there was a white haze 
in the sky. these spectra are very 






a Lyrse 


lOh. 46m. 


49m. 


003 




sharp. 


70 


Aug. 12 


a Lyrae 


lOh. 4lm. 

to 
llh. 47m. 


44 m. 


.003 


11-in. 


Night clouded over. 






Moon 


20m. 


.003 


11-in. 




71 


Aug. 14 


a Scorpii 


8h. 27m. 

to 
8h. 45m. 


18m. 


.003 


11-in. 


At 8 h. 45 m. the night became cloudy. 
















72 


Aug. 16 


a Lyrae 


llh. 25m. 
to 


46m. 


.003 


11-in. 


After the exposure of a Lyrae, had to 
wait an hour for the moon to be high 






Moon 


18h. 32m. 


14m. 


.003 




enough to get its spectrum. 


73 


Aug. 23 


a Scorpii 


8h. 7m. 
to 


64m. 


.003 


11-in. 


The evening was misty, with clouds to 
the north. 






a Lvrae 


lOh. 8m. 


41m. 


.003 


11-in. 




74 


Mar. 23 


Nebula 
in Orion 


7h. 23m. 

to 
9h. 14m. 


lllin. 




11-in. 


This photograph of the spectrum of the 
Nebula in Orion, and also the one of 
March 25th, were taken without a slit, 


75 


Mar. 25 


Nebula 
iu Orion 


71i. lGm. 

to 
9h. 27m. 


131m. 




11-in. 


and with a direct vision prism in tbe 
cone of rays from the objective, before 
they had reached a focus. 


76 


Mar. 28 


Nebula 
ia Orion 


7h. 25m. 

to 
9h. 25m. 


120m. 


.017 


11-in. 


This spectrum of the Nebula in Orion 
and the one of March 30th were taken 
with the two-prism stellar spectro- 


77 


Mar. 30 


Nebula 
in Orion 


7h. 25m. 

to 
Ch. 25m. 


120m. 


.012 


11-in. 


scope. 




1882 


Moon 




lm. 


.012 


11-in. 




*78 


Aug. 18 


a Aquilae 




50m. 


.004 


11-in. 


This photograph was taken with a spec- 
troscope composed of an Iceland spar 
prism of two inches aperture, and two 
quartz lenses of 15 inches focus and 
also two inches aperture. This spectro- 
scope is much more transparent to the 
photographic rays than the one with 
glass lenses and prisms, but it does not 

• give as good definition. 



Several of these photographs, as stated above, were taken to the 
Harvard College Observatory in the spring of 1883, when the meas- 
urements described below were made. This work may be divided into 
three parts : first, the determination of the relative positions of the 
lines in the various spectra in terms of any convenient unit of length ; 
secondly, from the known spectra of the Moon and Jupiter, a determina- 
tion of the relation of these measures to wave-lengths ; thirdly, a reduc- 
tion of the measures of the stellar spectra to wave-lengths, and a 
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discussion of the results. The measures were made with the microme- 
ter described in the Annals of Harvard College Observatory, VIII. 42. 
The photograph was moved under a microscope by a micrometer screw 
having a pitch of ^ of. an inch. By turning the screw, the lines were 
brought to coincide with the end of a hair in the field of view of the 
microscope, and the position was determined by the divided head of the 
screw. As is usual when examining photographs, very low powers 
were essential, or much of the finer detail would be lost. The best 
results were attained with an eyepiece and objective, each equivalent 
to a lens of about 2 inches focus, giving when combined a magnifying 
power of about fifteen diameters. The uncertainty in the position of 
the lines of the photograph greatly exceeded the errors of setting and 
the irregularities of the screw. To establish this point a measurement 
was made of the divisions of a glass scale constructed by Professor 
Rogers, in which the errors were wholly inappreciable with so low a 
magnifying power. Ten divisions were compared, each of which was 
^ F of an inch, and equalled -fa of a revolution of the screw. The 
results gave an average deviation of .0015 of a revolution, mainly due 
to a slight eccentricity of the head of the screw. This eccentricity 
amounted to about .002 of a revolution. Twelve divisions, each equal 
to ^ ¥ of an inch (one turn of the screw), gave an average deviation 
of .002 of a revolution. These errors might be still further reduced 
if required, by taking additional precautions ; but they are entirely 
insensible compared with the uncertainty in the position of the lines in 
the photograph. They correspond in fact to only about .02 of a ten- 
millionth of a millimeter in the wave-length. Throughout the work, 
all the settings were made by turning the screw in the direction in 
which the readings increase. 

The reduction of the measures to wave-lengths was greatly aided 
by the fact that but little change was made in the spectroscopic appa- 
ratus throughout the entire investigation, and that especial care was 
taken to secure stiffness in its construction. A single curve could 
thus be used for all the reductions, at least provisionally. On the 
other hand, it does not seem safe to assume that, when two spectra are 
photographed side by side on a plate, the lines in each will have the 
same position. 

In some of the photographs, especially in Plates 63 and 65, there is 
a perceptible want of coincidence between lines which are doubtless in 
reality of identical origin. No such deviation could be caused by any 
flexure of the telescope, but it might be due to flexure of the spectro- 
scope when directed towards objects at different altitudes, or to change 
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of temperature of the prisms between successive exposures. It is too 
great to be attributed to motion of the star in the line of sight. 

The measurements have all been reduced to a common zero point 
by subtracting the reading of the H line from each, and adding 5.000 
to avoid negative readings. The H line was selected, since it is com- 
mon to nearly all the spectra, and is so well marked that an accurate 
setting can be made on it. This more than compensates for its 
breadth, which renders it an inconvenient starting-point in the solar 
spectrum. Any correction for error in setting on this line can better 
be applied to the final results than to the original measurements. 

Since Jupiter and the Moon shine by reflected light, it may be 
assumed that their spectra are identical with that of the Sun, and that 
the wave-lengths of the lines in their spectra may therefore be taken 
from a map of the solar spectrum. On account of errors in the rela- 
tive prominence of different lines, errors in identification may occur 
in comparisons with maps made by hand. The photograph of the 
diffraction spectrum by Dr. Henry Draper (Amer. Journ. Sci., CVI. 
401) has therefore been used as the standard to which these measure- 
ments are referred. For wave-lengths too great to be contained in 
this map, Angstrom's Map (Rec/ierches sur le Spectre Solaire, Berlin, 
1869) has been employed. Comparison has also been made with the 
map of Cornu (Ann, de VHcole Normale Superieure, Series II., Vol. III.), 
and those of Yogel (Publicationen des astrophysikalischen Observa- 
toriums zu Potsdam, I. 133, II. 83). The unit employed throughout 
is the ten-millionth of a millimeter, and the results are only carried to 
single units. The best maps of the solar spectrum differ by as much 
as one or two of these units in the ultra violet portion, and a greater 
precision than this in stellar spectra is obviously at present unattain- 
able. 

To pass from screw readings to wave-lengths points were constructed 
with the readings of the spectra of the Moon on Plate 1 9 as abscis- 
sas and the corresponding wave-lengths as ordinates. This plate was 
selected since the lines appear to be more numerous and better defined 
than in the other photographs. A smooth curve was then passed through 
these points. The wave-lengths corresponding to each half-turn of the 
screw according to this curve are given in Table II., columns 1 and 2. 
The relation between these quantities may be very closely represented 
by the formula, \ = 3672 -f- 39 n -f- 4 n% in which A denotes the 
wave-length, and n the number of turns of the screw. The values 
computed by this formula are given in the third column, and the ob- 
served minus the computed values in the fourth column. 
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TABLE II. 



Screw 
Reading. 


Observed. 


Computed. 


0. — c. 


Screw 
Reading. 


Observed. 


Computed. 


0.— C. 


0.0 




3672 




5.5 


4007 


4008 


-1 


0.5 


. . . • 


3693 




6.0 


4050 


4050 





1.0 


.... 


3715 


.... 


6.5 


4093 


4095 


—2 


1.5 


3733 


3740 


—7 


7.0 


4140 


4141 


—1 


2.0 


3765 


3766 


—1 


7.5 


4188 


4190 


—2 


2.5 


3795 


3795 





8.0 


4240 


4240 





3.0 


3828 


3825 


+3 


8.5 


4297 


4293 


+4 


3.5 


3860 


3858 


4-2 


9.0 


4350 


4347 


4-3 


4.0 


3894 


3892 


4-2 


9.5 


4403 


4404 


—1 


4.5 


3930 


3929 


-f-1 


10.0 


4466 


4462 


4-4 


5.0 


3968 


3967 


4-1 











The close agreement of the formula with observation justifies its use 
for reducing the observations, since, if any deviation is indicated in the 
results, a correction may be applied to them. Accordingly the curve 
represented by this formula was drawn upon a large scale, and the 
wave-lengths corresponding to each reading were taken from it. In 
Table III. a comparison is given of all the lines measured in the 
spectrum of the Moon and of Jupiter. The successive columns give a 
number for reference, and the original screw readings for the plates 
whose numbers head the columns, after applying the correction de- 
scribed above, which gives for the H line a reading 5.000 in each 
spectrum. The readings giving the limits to which the spectra could 
be traced are omitted in this table, except where they indicate known 
lines. In the latter case they are indicated by Italics. 



TABLE III. 



No. 


Moon. 


Jupiter. 


21 


24 


63 


65 


35 


42 


43 


56 


57 


1 


1.464 


















2 


1.716 


.... 


.... 


1.758 














3 


1.861 


.... 


.... 


1.888 


.... 












4 


2.151 


.... 


.... 


2.123 


.... 












5 




.... 


.... 


2.401 


.... 












6 


2.554 


.... 


.... 


2.592 


.... 












7 


2.833 


.... 


.... 


2.797 














8 


3.203 


3.178 


s.ne 


3.225 


3.204 






3.159 


.... 


• 


9 


3.449 


.... 


3.544 


3.513 


3.547 






.... 






10 






3.697 


3.669 


3.693 






.... 


3.666 


3.670 


11 








3.753 














12 


3.882 


3.897 




3.942 


3.858 






3.827 






13 


4.168 




4.15i 


4.179 


4.214 








4.148 


4.145 


14 


4.534 


4.558 


4.556 


4.548 


4.557 


4- 


531 


4.538 


4.531 


4.544 
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TABLE III. — Continued. 



No. 




Moon. 


1 


Jupiter. 






21 


24 


63 


65 


85 


42 


43 


56 


57 


15 








4.648 












16 


5.666 


5.666 


5.666 


5.000 


5.666 


5.666 


5.666 


5.666 


5.666 


17 






.... 




5.193 






.... 


.... 


18 


.... 


.... 


5.345 




5.353 


.... 







5.337 


19 






5.475. 


5.464 


5.496 






5.476 


5.463 


20 


5.804 




5.786 


5.787 


5.814 




5.780 


5.805 


5.768 


21 






5.946 


5.942 


5.964 


.... 


5.959 


5.951 


6.944 


22 


.... 




6.161 


6.162 


6.187 




6.151 


6.169 


6.063 


23 


















6.238 


24 








6.326 


6.337 




6.320 


6.335 


6.317 


25 


6.599 


6.592 


6.577 


6.581 


6.605 


6.578 


6.584 


6.579 


6.576 


26 




6.661 






.... 










27 






6.925 


6.919 


6.944 




6.898 


6.921 


6.918 


28 


















6.985 


29 




.... 


7.046 


7.038 


7.044 






7.042 


7.026 


30 




7.143 


7.189 


7.171 


7.178 


.... 




7.192 


7.163 


31 


7.383 


7.406 


7.368 


7.326 


7.369 




7.348 


7.359 


7.330 


32 










7.500 




.... 




7.493 


33 


7.644 




7.637 


7.606 


7.616 




.... 


7.610 


7.610 


34 




.... 


.... 












7.707 


35 




.... 




7.755 


7.775 


.... 


.... 


7.783 


7.776 


36 


7.923 


7.890 


7.885 


7.863 


7.881 


.... 


7.874 


7.885 


7.874 


37 




7.990 


7.985 


7.983 


7.972 




.... 


7.991 


7.972 


38 


.... 




8.087 


8.069 


8.097 


.... 


.... 


8.104 


8.097 


39 




.... 


8.211 


8.199 


8.194 


.... 




8.205 


8.202 


40 




8.334 


8.317 


8.295 


8.304 




8.33i 


8.324 


8.311 


41 




.... 


8.482 




8.473 




.... 


8.480 


8.456 


42 




.... 


8.593 


8.564 


8.577 




8.596 


8.578 


8.568 


43 


8.678 


8.680 


8.661 


8.632 


8.648 


8.636 


8.644 


8.654 


8.660 


44 






8.784 


8.768 


8.785 




8.798 


8.791 


8.785 


45 




8.925 


8.927 


8.910 


8.923 


8.938 


8.925 


8.929 


8.923 


46 




9.043 


9.028 










9.040 


9.032 


47 






9.222 


9.222 


9.204 


.... 






.... 


48 


9.353 


9.347 


9.300 




9.300 




9.322 


9.292 


9.29,4 


49 




.... 


9.494 


9.440 


9.472 






9.474 


9.465 


50 










9.547 




.... 


9.506 


9.556 


51 










9.677 


.... 




9.714 


9.706 


52 


9.936 


9.944 


9.905 


9.89i 


9.867 




9.898 


9.881 


9.880 


53 








.... 


10.059 




.... 


10.082 


10.073 


54 


loiii 


10.427 




10.423 


10.416 


.... 


.... 


10.441 


10.338 


55 



















10.621 


10.586 



In Table IV. these measures are compared. The first column 
gives the same number for reference as in Table III. The second 
column gives the wave-lengths of the lines in the solar spectrum, with 
which the lines here measured are assumed to be identical. Each 
measurement is reduced to wave-lengths by the formula given above. 
The residuals found by subtracting the assumed wave-lengths from 
these are given in the subsequent columns. Each plate is designated 
by its appropriate number. 
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TABLE IV. 









Moon. 




Jupiter. 






No. 


1 Wave 
Length. 
















21 


24 


63 


65 


85 


42 


43 


56 


57 


1 


3736 





















2 


3750 





.... 




*+2 



















3 


3759 


—1 


.... 




4-1 


















4 


[3774] 


[+1] 


.... 




[-1] 


















6 


3786 




.... 




4-3 








, . . 










6 


3801 


—3 















, . . 










7 


3816 


—1 






—3 


















8 


3841 


—3 


'—5 


"JJj 


—1 


—3 








*— 5 






9 


3859 


—5 


. . • • 


-+-2 





4-2 














10 


3872 


.... 




—1 


—3 


—2 










*— 3 


'— 3 


11 
12 


3878 
3888 


+1 


4-2 





—3 



—1 








—3 






13 


3905 





.... 


112 





+3 










—2 


—2 


14 


3933 


—1 


+1 


-1-1 





4-1 




— : 




'— i 


—2 


—1 


15 


3943 




.... 


.... 


—3 


.... 














16 


3967 


""6 
















'"( 


) 


"6 


*"6 


""6 


17 


3988 






.... 




—5 




. . 










18 


3998 






—3 




—2 








.... 




—4 


19 


4005 






-hi 


"6 


4-3 




. . 






*+i 





20 


4032 


"+i 










+2 








— i 


4-1 


—2 


21 


4045 












4-2 








4-1 








22 


4063 






+1 


4-1 


4-3 











4-2 


—7 


23 


4071 




.... 


.... 



















24 


4077 








"+2 


'+•3 








*+i 


"+3 


-hi 


25 


4101 


'+8 


+3 


*+i 


4-2 


4-4 




+i 


1 


4-2 


4-2 


-hi 


26 


4118 




—8 




.... 










.... 







27 


4133 






"+i 


4-1 


"+8 








—1 


"+i 


'"6 


28 


4138 






















4-2 


29 


4143 






"+2 


*+2 


'+2 










*+2 


—3 


30 


4155 




"6 


+4 


4-3 


+3 










4-5 


4-2 


31 


4172 


'+6 


+8 


+4 


4-1 


4-5 








"+3 


4-4 


4-1 


32 


4187 






.... 




4-3 












4-2 


33 


4201 


"+4 




4-3 


*"6 


4-1 










"+i 





34 


4210 




.... 


.... 












.... 




4-1 


35 


4215 






.... 


'+2 


'+4 










'+6 


4-4 


36 


4226 




"+5 


4-4 


4-2 


4-4 








'+4 


4-4. 


4-3 


37 


4236 


— i 


+6 


4-5 


4-5 


4-4 








.... 


4-6 


4-4 


38 


4250 






4-2 


4-1 



















39 


4260 


.... 




4-6 


4-5 













4-1 


4-1 


40 


4271 


.... 


'—2 


—4 


—6 


4-1 








'+4 


4-3 


4-2 


41 


4289 






4-2 




4-1 








.... 


4-2 





42 


4301 






4-2 


'— i 











+ 3 


4-1 





43 


4312 


" 


*+i 


—1 


—5 


—3 




— 1 




—3 


—2 


—2 


44 


4324 




.... 





—2 











4-1 


4-1 





45 


4339 










—2 







+1 


L 





4-1 





46 


4351 


.... 


+1 


—1 




















47 


4375? 






—3 


'112 


'—5 














48 


4383 


'+3 


'+3 


—2 




—3 




, . 




"*6 


'—3 


—3 


49 


4404 






—1 


'—8 


—4 










—4 


—5 


50 


4414 










—5 










—3 


—3 


51 


4424 








.... 


—1 




. . 






4-5 


4-4 


52 


4454 


'+2 


'+3 


'—2 


—3 


—7 








'—3 


—7 


—7 


53 


4483 




.... 


.... 




—12 










—9 


—11 


54 


4530 


"—3 


—14 




—13 


—15 








.... 


—12 


—26 


55 


4549 





.... 


















—9 


—13 
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Plate 42 was one of the first to be measured, and only the most 
conspicuous lines were observed. This was done with the intention of 
determining the scale from a few well-defined lines. It was afterwards 
deemed better to employ all the lines visible on each plate for this 
purpose. No marked line in the solar spectrum satisfactorily repre- 
sents No. 4 of Table IV. Nos. 3 and 4, 5 and 6, and 7 and 8, are des- 
ignated in the original record as the limits of transparent bands in the 
negatives, that is, of dark bands in the spectrum. Nos. 11 and 12 
appeared as a broad dark band, whose edges were observed in Plate 
65, and its centre in Plates 21, 24, 35, and 43. No. 28 is recorded in 
Plate 57 as the centre of the band extending from 27 to 29. No. 47 
is not well identified. The photographs of the solar spectrum indicate 
a line having A = 4375 as the most conspicuous in this vicinity. 

The residuals in Table IV. must next be examined, to see if they in- 
dicate any systematic deviation, or if any correction should be applied to 
the wave-lengths as deduced by the formula A = 3672 -f- 39 n -\- 4n 2 . 













TABLE 


V. 










A 


Moon. 


Jupiter. 


AIL 


No. 


2 + 


2 — 


n 


No. 


2 + 


2 — 


A± 
n 


n 


Curre. 


2 + 
n 


3700 


3 


2 





+0.7 











+0.7 


+0.5 


0.7 


3800 


11 


4 


24 


—1.8 


2 


6 


8 


— 40 


—2.0 


—10 


2.4 


3900 


17 


7 


18 


—0.6 


14 


6 


21 


— 1.1 


—0.8 


—0.8 


1.5 


4000 


12 


2 


3 


—0.1 


19 


10 


14 


— 0.2 


—0.2 


—0.1 


1.3 


4100 


12 


19 


8 


+0.9 


22 


33 


11 


+ 1.0 


+1.0 


+1.0 


1.5 


4200 


20 


67 


1 


+3.3 


26 


73 





+ 2.8 


+3.0 


+2.2 


1.9 


4300 


17 


16 


21 


—0.3 


28 


23 


14 


+ 0.3 


+0.1 


+0.7 


1.6 


4400 


9 


7 


17 


—1.1 


16 


9 


39 


— 1.9 


—1.6 


—2.6 


2.2 


4500 


7 


5 


35 


—4.3 


12 





132 


—11.0 


—8.5 


—7.4 


4.6 



In Table V. they are arranged in groups extending from 3750 to 
3850, 3850 to 3950, etc. The first column gives the approximate 
mean wave-length of each group, and the next four columns give for 
the Moon the number of measurements included in each group, the sum 
of the positive and the sum of the negative residuals, and their alge- 
braic mean. The next four columns give the corresponding quantities 
for Jupiter. The last three columns relate to the observations of the 
Moon and Jupiter, without distinction. The first of these columns gives 
the algebraic mean of all the residuals, and indicates the observed 
deviation from the computed wave-lengths. A curve was drawn to 
represent this deviation, and its ordinates are given in the next column. 
Finally, the residuals were all corrected by means of this curve accord- 
ing to the system indicated in Table VI., and the arithmetical mean of 
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the residuals is given in the last column. The residuals of the H line, 
being all rendered zero by the method of reduction, are not included 
in the last column, although retained in the preceding columns. 

The average deviation of all the measures, including the faint, as 
well as the more marked lines, is only 1.7, or less than J- of the interval 
between the sodium lines. Less accuracy was attained in measuring 
the lines near the ends of the spectrum, owing to the faintness of the 
photographic effect. In many cases the last lines were marked as 
u very doubtful." This error was increased for the lines of greater 
wave-length by the fact that a given distance, as one division of the 
screw, represents a change in wave-length of double the corresponding 
amount at the other end of the spectrum. Without the correction in- 
dicated by this table, the average deviation of the individual results 
would be 2.7. Table VI. gives the correction indicated in each por- 
tion of the spectrum derived from Table V. The first column gives 
the limiting wave-lengths within which the corrections in the second 
column should be applied. The sign of the corrections is such that 
they are to be added to the results derived from the formula. 



TABLE VI. 



Limits. 


Correction. 


Limits. 


Correction. 


3700 to 3757 





4398 to 4421 


+ 3 


3758 " 3952 


-+-1 


4422 " 4443 


+ 4 


3953 " 4054 





4444 " 4464 


+ 5 


4055 " 4126 


—1 


4465 " 4484 


+ 6 


4127 " 4264 


—2 


4485 " 4503 


+ 7 


4265 " 4308 


—I 


4504 " 4521 


+ 8 


4309 " 4342 





4522 " 4539 


+ 9 


4343 " 4371 


+1 


4540 " 4556 


+10 


4372 " 4397 


+2 







Measurements of these spectra may then be converted into wave- 
lengths by applying to the readings of the curve described above the 
corrections of Table VI. Thus the measurement 2.618 gives by the 
curve 3802, but since this falls between 3758 and 3952, we must 
apply the correction -f-1. The wave-length corresponding to 2.618 
will then be 3803. When the same lines are observed in several 
spectra, the correction may be applied to their mean, instead of to the 
separate readings. 

Plates 21, 23, and 24 were taken with the 12-inch refractor, and 
accordingly the spectra are narrow in the violet and wide in the blue 
portions. For Plates 63, 65, 73, and 78 the 11-inch telescope was 
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employed. As this instrument is corrected for the photographic rays, 
the spectra are of nearly uniform width, becoming slightly narrower 
at the ends. The other plates measured were obtained with the 
28-inch reflector. As such an instrument is free from chromatic aber- 
ration, the spectra are of uniform width. 

The measurements of the various spectra are given in Table VII. 
The first column gives a number for reference, followed by the meas- 
ures of the corresponding lines in the columns headed by the number 
of the plates. The second part of each portion of the table gives the 
mean wave-length of each line, found by reducing the corresponding 
measures to wave-lengths by means of the curve and correcting by 
Table VI. The last columns give the residuals found by subtracting 
the mean from the individual values. So many measures were made 
of a LyrcB that the second part of the table is here separated from the 
first. In Plate 73 the residuals are omitted, since the scale for this 
plate differs from that of the others. In the spectra of a Scorpii on 
Plate 73 the H line is not visible. The original readings are therefore 
given in Table VII. 

TABLE VII. 
a Aquil^. 



No. 


41 


42 


56 


A 


41 


42 


56 


1 


1.517 


1.470 








3738 


+1 


—1 


.... 


2 


1.793 


1.765 


. 






3754 





—1 


.... 


3 


2.104 


2.089 


. 






3773 





—1 




4 


2.539 


2.542 


, 






3798 










5 


3.129 


3.150 








3835 


— 1 


+1 


.... 


6 


3.904 


3.914 


3.929 




3887 


—1 





-hi 


7 


4.540 


4.541 


4.552 




3933 








-hi 


8 


5.000 


5.000 


5.000 




3967 











9 


.... 


5.770 








4030 


.... 





.... 


10 


6.576 


6.573 


6.595 




4102 


—1 


—1 


-hi 


11 


8.936 


9.912 


8.937 




4339 


—1 


-hi 


+1 


a Lyiue. 


No. 


26 


30 


34 


45 


46 


63 


65 


73 


12 


1.308 
















13 


1.520 


1.503 


1.525 


1422 




.... 




6.86$ 


14 


1.787 


1.772 


1.839 


1.735 


.... 


.... 


1.788 


1.211 


15 


2.114 


2.116 


2.156 


2.068 


.... 


.... 




1.605 


16 


2.554 


2.573 


2.580 


2.504 


2.539 


.... 


2.563 


2.121 


17 


3.121 


3.128 


3.154 


3.118 


3.152 


3.138 


3.149 


2.890 


18 


3.925 


3.918 


3.954 


3.914 


3.900 


3.911 


3.935 


3.732 


19 


4.517 




4.536 


4.502 


4.519 


4.509 


4.544 


4.437 


20 


5.000 


5.666 


5.000 


5.000 


5.000 


5.000 


5.000 


5.000 


21 


6.565 


6.562 


6.560 


6.569 


6.586 


6.575 


6.559 


6.832 


22 


8.882 


8.893 


8.881 


8.916 


8.922 


8.918 


8.913 


9.508 


23 





















13.595 
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TABLE VII.— Continued. 

a ItYRJE. 



No. 


A 


26 


30 


34 


45 


46 


63 


65 


12 


3728 

















13 


3738 


+1 


'"6 


*+i 


H4 








14 


3753 


+1 





+4 


—2 






—2 


15 


3773 








+3 


—2 








16 


3799 





+i 


+2 


—3 


'Hi 




*+i 


17 


3835 


—1 


—l 


-+-1 


—2 


4-1 


*"6 


4-1 


18 


3888 





—l 


+2 


—1 


—2 


—1 


4-1 


19 


3932 





.... 


+1 


—3 





—1 


+1 


20 


3967 























21 


4102 


—1 


—1 


—1 





-f-1 





—1 


22 


4337 


—2 


—1 


—3 


4-1 


-f-2 


+1 


4-2 


23 


4861 





— 


— 






— 




a Aurigjs. 


No. 


21 


43 


57 


A 


21 


43 


57 


24 




3.600 




3865 









25 


4.532 


4.528 


4.545 


3932 


"*6 





'+i 


26 


5.000 


5.000 


5.000 


3967 











27 


.... 


5.494 


.... 


4008 




e 




28 


.... 


5.832 


5.770 


4032 




+3 


—2 


29 


.... 


5.970 


5.918 . 


4045 




4-2 


—2 


30 


.... 


6.323 


6.281 


4076 




4-2 


—2 


31 


6.588 


6.600 


6.568 


4102 


"6 


4-1 


—2 


32 


.... 


6.929 


6.978 


4134 





—2 


4-3 


33 


.... 


7.171 


7.160 


4156 


.... 





-1 


34 


7.347 


7.392 


7.328 


4174 


—1 


+3 


—3 


35 


7.627 


7.644 


7.549 


4199 


+3 


4-4 


—6 


36 




7.777 


7.737 


4214 


. . 


4-3 


—2 


37 


7.9i6 


7.881 


7.854 


4228 


+3 





—2 


38 


.... 


.... 


7.985 


4239 









39 




.... 


8.090 


4251 


.... 


.... 





40 




8.202 


8.174 


4262 




'+i 


—2 


41 


. . . • 


8.357 


8.290 


4269 




—1 


4-1 


42 


.... 


8.463 


4287 





4-1 


43 


.... 


.... 


8.567 


4299 


.... 







44 


8.638 


8.660 


8.626 


4307 


"*6 


'+2 


-1 


45 


.... 


.... 


8.756 


4321 









46 


8.976 


8.940 


8.902 


4341 


+4 


"*6 


—4 


47 


.... 


9.091 


[8.801] 


4358 







H-l] 


48 


.... 


9.342 


9.259 


4382 




4-5 


—4 


49 


.... 




9.450 


4401 


.... 







50 


.... 


9.747 


.... 


4438 


.... 


""6 




51 


9.948 


9.952 


.... 


4462 


"6 







52 


.... 


10.187 


.... 


4493 









53 


10.390 


10.456 




4524 


"—5 


4-4 




54 


.... 


10.641 




4552 


— 








The record of No. 47, Plate 57, gives a reading of 8.801 ; but this is 
evidently wrong, since it is less than No. 46. It should perhaps have 
been 9.101, which gives a residual -}-!• 
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TABLE VII. — Continued, 
a Bootis. 



No. 


23 


24 


32 


A 


23 


24 


32 


55 






2.892 


3819 









56 


.... 


.... 


3.245 


3842 









57 






3.508 


3859 









58 


.... 


3.765 


3.816 


3878 




'—2 


+2 


59 






4.122 


3902 




.... 





60 


4.532 


4.552 


4.554 


3933 


'Hi 


+1 


H-l 


61 


5.000 


5.000 


5.000 


3967 











62 


.... 


.... 


5.347 


3995 









63 


5.503 





5.480 


4007 


'+i 




—1 


64 


5.830 


.... 


5.801 


4034 


-+-1 




—1 


65 


5.976 


.... 


5.938 


4046 


+2 


.... 


—1 


66 


6.085 


.... 


6.113 


4057 


—1 




-t-2 


67 


.... 




6.261 


4072 




.... 





68 


6.363 


6.345 


6.324 


4080 


*+i 





—2 


69 


6.388 


.... 




4084 







.... 


70 


6.530 


6.561 


6.540 


4098 


—l 


'+2 





71 


.... 




6.737 


4116 









72 


.... 




6.917 


4131 









73 


7.088 


7.098 


7.039 


4146 


*+i 


+2 


—3 


74 


7.300 


7.380 


7.335 


4172 


—4 


4-4 





75 




.... 


7.612 


4199 




.... 





76 


7.716 




7.742 


4212 


'—2 




+1 


77 


7.830 


7.827 


7.855 


4224 


—1 


—2 


+2 


78 


7.938 


7.932 


7.965 


4234 








+1 


79 


8.162 




8.100 


4254 


+1 


.... 


—2 


80 


8.384 




8.299 


4275 


+4 


.... 


—4 


81 


8.647 


8.6i5 


8.613 


4306 


+2 


—1 


—2 


82 






8.795 


4325 


.... 







83 


8.875 


.... 


8.890 


4834 







+1 


84 


8.993 


.... 


9.018 


4349 


—2 


.... 


+1 


85 


9.274 


9.263 


9.292 


4383 


—4 


-4-5 


—2 


86 


9.551 




9.460 


4407 


+6 


.... 


—5 


87 


9.927 


9.969 


9.880 


4460 





+5 


—6 


88 


.... 


.... 


10.160 


4489 




.... 





89 


10.417 


10.382 


10.388 


4520 


*+3 


—2 


—1 


a Scorpii. 


No. 


39 


48 


73 


A 


39 


48 


90 






50.449 


3976 








91 


.... 




52.126 


4099 


. 


. . . 


.... 


92 


6.95i 


6.876 




4132 




+4 


—4 


93 


.... 


7.175 




4156 


. 


. . . 





94 


7.345 


7.226 


52.988 


4169 




+-3 


—8 


95 


7.542 


7.552 


53.346 


4202 




-9 


—8 


96 


.... 


7.718 


53.486 


4212 


. 




—2 


97 


.... 


.... 


53.632 


4224 


. 




.... 


98 


.... 


7.927 


53.720 


4233 


. 







99 




.... 


53.804 


4242 






.... 


100 


8.057 


8.058 


53.942 


4253 




-5 


—5 


101 


8.308 


8.239 


54.122 


4270 


- 


4-1 


—6 


102 





8.390 


54.221 


4280 


• 


•• 
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TABLE VII. — Continued, 
a Scorpii. 



No. 


39 


48 


73 


A 


39 


48 


103 


8.477 




54.304 


4291 


—1 




104 


8.598 


8.543 


54.393 


4296 


+7 


'+i 


105 


• . . ■ 


8.650 


54.548 


4312 


.... 


—2 


106 






54.658 


4320 






107 


.... 




54.718 


4328 






108 


8.925 


8.925 


54.811 


4336 


'+3 


'+3 


109 





.... 


54.864 


4342 


.... 


.... 


110 


• . . • 




54.932 


4349 


.... 


.... 


111 




9.087 


55.019 


4360 


.... 


o 


112 


* . . « 


• • • • 


65.078 


4366 


.... 




113 




.... 


55.150 


4374 


.... 




114 






55.216 


4382 




.... 


115 


9.59i 


9.535 


55.474 


4410 


'+8 


+1 


116 




9.754 


55.718 


4440 




—2 


117 






55.787 


4448 


.... 




118 




10.033 


55.921 


4464 




'+4 


119 


lo'.iii 




56.037 


4477 


'+4 


.... 


120 


.... 


.... 


56.138 


4490 


.... 




121 


• • . • 


.... 


56.327 


4513 






122 


.... 


10.517 


56.522 


4539 




'—5 


123 




.... 


56.574 


4544 




.... 


124 


10*865 




56.751 


4567 


+i2 


.... 


125 






57.148 


4617 




.... 


126 




.... 


57.475 


4658 




.... 


127 








57.610 


4676 


— 






The measures of the different photographs of the first four stars agree 
as well as could be anticipated. The accidental errors are small consider- 
ing the extreme faintness of many of the images. No large systematic 
deviations appear, except in the case of a Lyrce, Plate 73, to which ref- 
erence has already been made (p. 253). Small systematic errors are, 
however, perceptible in other plates, as in No. 34, where the residuals 
change from positive to negative, and in No. 45, where they change from 
negative to positive. They will not, however, sensibly affect the final 
result, and scarcely justify the application of a separate correction. 

A comparison of the lines in a Aquilce * and a Lyra is given in 



* A peculiarity of the spectrum of a Aquilse deserves special mention. 
Besides the intense broad hydrogen bands which characterize the spectrum of 
a Lyrae and similar stars, it exhibits a multitude of very fine lines, which are 
easily seen between G and H in several of the plates, but are too delicate to be 
satisfactorily measured. Dr. Draper considered these fine lines very important, 
as showing that this star — Altair — should be considered a sort of intermediate 
link between a Lyrae and Sirius on one side, and Capella and the Sun on the 
other.-— C. A. Y. 
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Table VIII. The columns give a number for reference, the result for 
a Aquilce taken from Table VII., that for a Lyrce, and that given by 
Dr. Huggins for all stars of this class. 

TABLE VIII. 



No. 


Dr. Draper. 


Dr. Huggins. 




Dr. Draper. 


Dr. Huggins- 


a Aquilae. 


a Lyrae. 


TypeL 


a Aquilae. 


a Lyrae. 


Type I. 


1 
2 
3 
4 
5 
6 
7 


3738 
3754 
3773 
3798 


3728 
3738 
3753 
3773 
3799 


3699 
3708 
3717 
3730 
3745 
3768 
3795 


8 
9 
10 
11 
12 
13 
14 


3835 

3887 
3933 
3967 
4030 
4102 
4339 


3835 
3888 
3932 
3967 

4i02 
4337 


3834 

3887 

3968 

iioi 

4340 



The distinctive feature of these spectra is a series of broad dark 
lines at regular intervals. The lines of greater wave-length appear to 
coincide with the hydrogen lines, and the interval between the succes- 
sive lines continues to diminish with the wave-length. Twelve of 
these lines are photographed by Dr. Huggins. To these we should 
add the lines F (4861) and C (6562), which are beyond the limits of 
the photograph. The first and second lines are not contained in Dr. 
Draper's photographs, as his plates were not sensitive to rays of such 
short wave-length. Line 10, which appears to coincide with K of the 
solar spectrum, is as strong as the others in a Aquilce, but in every 
photograph of a Lyrae was marked as faint. In one case in Plate 30 
it was overlooked. This photograph was over-exposed in this part of 
the spectrum, but a more careful examination shows that the line is 
probably present. Line 10 was only noticed in Plate 42. 

The resemblance of the spectrum of a Aurigce to that of the Sun has 
already been noted ; a Bootis appeared to belong to the same class, but 
the identity of the lines was not perceived until the measurements had 
been reduced. It then became obvious that this star also has a spec- 
trum closely resembling the Sun. The comparison is made in Table 
IX. The first and second columns are the same as in Table IV., and 
give a number for reference and the wave-length of the lines in the solar 
spectrum. The next column gives the number of plates of the Moon 
and Jupiter, on which each line was measured. It therefore gives a 
sufficiently good comparison of the relative prominence of each line. 
The next four columns give for the Moon, for Jupiter, for a Aurigce, 
and for a Bootis, the mean of the measured wave-length minus the 
wave-length given in the second column. 
vol. xix. (n. s. xi.) 17 
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TABLE IX. 



No. 


Wave 
Length. 


No. 


Moon. Jupiter. 


a Aurigse. 


a Bootis. 


1 


3736 


1 











2 


3750 


2 


+1 










3 


3759 


2 


-4-1 










4 


[3774] 


2 


+ 1 










5 


3786 


1 


4-4 










6 


3801 


2 


—1 











7 


3816 


2 


—1 






'+3 


8 


3841 


4 


—3 


. . . 




4-1 


9 


3859 


4 





4-3 


.... 





10 


3872 


5 


—1 


—2 






11 


3878 


5 


4-4 


4-3 




"6 


12 


3888 


5 


4-1 


4-2 






13 


3905 


6 





4-1 




"—3 


14 


3933 


9 


4-1 





"— i 





15 


3943 


1 


—2 






.... 


16 


3967 


9 





"6 


"*6 


"6 


17 


3988 


1 




—5 







18 


3998 


3 


—3 


—3 




—h 


19 


4005 


5 


+ 1 


4-1 


'+3 


4-2 


20 


4032 


7 











4-2 


21 


4045 


6 





4-1 





4-1 


22 


4063 


6 





— 1 




—6 


23 


4071 


1 


.... 


— 1 




—1 


24 


4077 


5 


"+i 


4-1 


'Hi 


4-3 


25 


4101 


9 


4-1 


4-1 


4-1 


—3 


26 


4118 


1 


—9 






—2 


27 


4133 


6 





' 


'+i 


—2 


28 


4138 


1 


.... 









29 


4143 


5 


"*6 


—2 




'+3 


30 


4155 


6 





4-1 


'+i 




31 


4172 


8 


4-3 


4-1 


4-2 


'"6 


32 


4187 


2 











33 


4201 


6 


***6 


— 1 


—2 


H-2 


34 


4210 


1 




— 1 




4-2 


35 


4215 


4 


"*6 


4-2 


'Hi 




36 


4226 


7 


4-2 


4-2 


4-2 


'—2 


37 ' 


4236 


7 


4-2 


4-3 


4-3 


—2 


38 


4250 


5 





—2 


4-1 


4-4 


39 


4260 


5 


4-4 


— 1 


4-2 




40 


4271 


7 


—5 


4-1 


—2 


*+4 


41 


4289 


4 


-4-1 





—2 




42 


4301 


6 


—1 





—2 




43 


4312 


9 


—1 


—3 


—5 


'11(3 


44 


4324 


6 


—1 





—3 


4-1 


45 


4339 


8 


—1 





4-2 


—5 


46 


4351 


4 


4-1 


4-1 


4-7 


—2 


47 


4375? 


3 





— 3 






48 


4383 


7 


4-3 





'Hi 


*"6 


49 


4404 


5 


—1 


— 1 


—3 


4-3 


50 


4414 


3 




— 1 






51 


4424 


3 




+7 


+i4 




52 


4454 


8 


'+5 


—1 


4- 8 


'+6 


63 


4483 


3 




—5 


4-10 


4-6 


54 


4530 


6 


"+i 


—9 


—6 


—10 


55 


4549 


2 


.... 


— 1 


4-3 
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The only line omitted in this table which was noted in the spectra of 
a Aurigce or a Bootis is No. 69 of Table VII. This line was meas- 
ured in Plate 23 as one edge of a dark band in the negative, No. 70, or 
h, forming the other side. Its wave-length may therefore be taken as 
about 4090. This is the bright band noted on page 242. The same 
phenomenon is shown in Plate 24, and even better in Plate 32. It 
is also noticeable, though in a less marked manner, in the solar spec- 
tram, as is shown in the photographs of Jupiter and of the Moon. 

Not only do the lines of a Aurigce and a Bootis appear to coincide 
with those of the Sun in position, but their relative intensity seems to 
be nearly the same. Of the twelve lines seen in at least seven of the 
nine spectra of the Moon and Jupiter, every one is contained in the 
spectra of both a Aurigce and d Bootis. Of the fifteen lines which are 
so faint as to be contained in but one or two of the spectra of the Moon 
or Jupiter, only four are contained in the spectrum of a Bootis, and 
but one in that of a Aurigce. The evidence afforded by the?e photo- 
graphs, therefore, points very strongly to the conclusion that the spec- 
tra of these stars, and consequently their constitution, are the same as 
that of our Sun. 

The measurements of a Scorpii are much less satisfactory than 
those of the other stars. Plate 73 gives a large number of lines, but 
the scale of this plate, as already stated, differs from that of the 
others. Fortunately, a Lyrce was photograped on the same plate, and 
a curve was accordingly constructed with the measurements of the 
lines of this star as abscissas, and the wave-lengths taken from the 
measures of the other plates as ordinates. By this curve the meas- 
ures of a Scorpii were reduced. Plates 39 and 48 were taken with a 
wide slit, and the lines are indistinct. A satisfactory comparison 
could scarcely be made without preparing enlarged paper positions, 
and marking on them the points measured. This seems scarcely 
advisable, considering the superiority of Plate 73. The large residuals 
render the identification uncertain in some cases, since any line would 
fall near one of those in Plate 73. The correspondence is much less 
marked than in the other stars. 

A comparison of the measures of the various plates is given in 
Table X. The first column gives the number of the plate ; the sec- 
ond, the name of the object photographed ; the third, the number of 
measures made, that is, the number of points of the spectrum noted ; 
and the fourth column gives the quantity subtracted from each of the 
measures to reduce them to the same zero. The measures of the ends 
of the spectra are given in the* next two columns, followed by the 
reduced value in wave-lengths. 
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TABLE X. 



No. of 


Object. 


No. of 
Meas- 


Zero. 


Measures. 


Wave-Lengths. 


Plate. 












ures. 




Beginning. 


Ending. 


Beginning. 


Ending. 


21 


a Aurigae 


11 


45.184 


4.582 


11.374 


3932 


4650 




Moon 


24 


45.173 


0.951 


11.898 


3708 


4737 


23 


a Bootis 


24 


45.281 


4-532 


11.465 


3932 


4664 


24 


a Bootis 


15 


45.341 


S.765 


11.334 


3876 


4644 




Moon 


18 


45.184 


3.178 


12.074 


3836 


4749 


26 


a Lyrae 


12 


51.328 


1.308 


. 12.714 


3728 


4843 


30 


a Lyrae 


10 


48.686 


1.503 


13.065 


3738 


4896 


32 


a Bootis 


36 


45.032 


2.892 


12.419 


3819 


4799 


35 


Jupiter 


42 


45.100 


3.204 


12.091 


3838 


4751 


34 


a Lyrae 


11 


49.798 


1.525 


12.215 


3739 


4770 


39 


a Scorpii 


12 


41.272 


4.870 


11.368 


3957 , 


4650 


41 


a Aquilae 


11 


68.613 


1.517 


11.179 


3739 


4622 


42 


a Aquilae 


12 


53.313 


1-470 


12.264 


3737 


4776 




Jupiter 


6 


53.308 


4-531 


11.888 


3836 


4721 


43 


a Auriga? 


26 


46.215 


3.600 


11.821 


3865 


4713 




Jupiter 


20 


46.181 


3.159 


12.295 


3932 


4780 


45 


a Lyrae 


11 


47.572 


I.422 


11.970 


3734 


4735 


46 


a Lyrae 


8 


45.517 


2.539 


11.689 


3798 


4694 


48 


a Scorpii 


19 


43.441 


6.691 


11.209 


4113 


4628 


56 


a Aquilae 


7 


45.489 


3.310 


11.546 


3846 


4674 




Jupiter 


37 


45.551 


3.230 


12.126 


3841 


4755 


57 


Jupiter 


12 


44.848 


3.476 


11.385 


3857 


4651 




a Aurigae 


25 


44.862 


4S45 


12.338 


3932 


4786 


63 


a Lyrae 


8 


45 123 


2.657 


11.599 


3805 


4681 




Moon 


34 


45 032 


3.146 


12.094 


3834 


4750 


65 


a Lyrae 


9 


45.040 


1.733 


12.001 


3751 


4738 




Moon 


42 


44.991 


1.525 


12.045 


3739 


4744 


73 


a Scorpii 


37 


45.316 


5.133 


13.272 


3976 


4820 




a Lyrae 


11 


45.316 


0.863 


13.595 


3728 


4861 


78 


a Aquilae 


10 


43.546 


0.080 


24.069 








The readings in the sixth column cannot be reduced to wave-lengths 
directly, since they fall outside of the limits of Table VI. The curve 
on which this table was based was accordingly prolonged, and a curve 
drawn giving for large readings the corresponding wave-lengths. In 
the columns of Table XI. these values are given for intervals of half a 
turn of the micrometer screw. 

TABLE XI. 



No. of Turns. 


Wave-Length. 


No. of Turns. 


Wave-Length. 


10.0 
10.5 
11.0 
11.5 


4468 
4532 
4597 
4666 


12.0 
12.5 
13.0 


4737 
4811 
4886 



The readings in the fourth column of Table X. serve to test the 
flexure of the spectroscope by showing whether the zero was the same 
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in the various spectra on the same plate. A portion of the difference 
may be due to the impossibility of setting the lines exactly at right 
angles to the micrometer screw, and in some cases, as in Plate 56, to 
a possible movement of the plate between the measures of the two 
spectra. This cannot account for all the difference, however, since in 
several cases it is obvious to the eye. The difference in wave-length 
would vary in different parts of the spectrum, but an idea of its mag- 
nitude may be inferred by the rule that one turn of the screw near the 
H line corresponds to a change of 80 in the wave-length. The two 
spectra are thus displaced by several units, an amount which the 
residuals show is quite beyond the accidental errors of measurement. 
The adoption of a new zero for each spectrum thus appears to have 
been entirely justified. 

From the last two columns of Table X. we see that the plates are 
sensitive to rays of light of wave-lengths 3750 to 4800, that is, from 
M nearly to F. When the light is intense, the spectra extend beyond 
these limits. F is photographed in Plate 73, and in Plate 21 a line 
marked u very doubtful " was observed at 3708. It was not included 
in Tables III. and IV., as it probably only indicates the beginning of 
the spectrum*. 

To secure entire independence in the results,' the measures were 
completed before the reductions were begun. The lines in each plate 
were measured without comparison with any map, and no search was 
made for lines which appeared to be wanting. When two similar 
spectra were photographed side by side, as in Plate 21, care was taken 
to cover one when measuring the other. Under these circumstances, 
the agreement in the measures of several plates is strong evidence of 
the identity of the spectra. 



